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Introduction

Methods

RNA world theory was first developed in the 1960s by Carl Woese, Francis Crick, and Leslie Orgel. The theory proposes that early life
forms used only RNA to store genetic information and DNA later evolved from RNA. The reasoning behind this is that RNA is capable of
self-replication and can function as an enzyme for itself. The problem with RNA world theory is that RNA hydrolyzes quickly in aqueous
solutions at room temperature. However, previous research has shown that RNA is more stable at low temperatures. While there has
been some research on how RNA behaves on ice, there is none about how DNA behaves on ice. Previous research in the Neshyba lab
compared RNA and DNA dinucleotides on ice and found differences in their behavior that could have ramifications for an RNA world on
ice. This study will investigate why DNA and RNA behave differently on ice by examining the hydrogen bonds each dinucleotide forms.

First a model of an RNA or DNA strand was constructed using modeling software such as SPARTAN or Macro Molecule Builder. Then the Molecular
Dynamics (MD) software GROMACS performed physics calculations to create a trajectory. When the trajectory was complete the GROMACS
autocorrelation function was run to determine where hydrogen bonds are forming and how strong they are. Last the completed calculations were
analyzed with the Python plugin MDAnalysis which converted all the data generated by GROMACS into 3D models and graphs.

Objectives
● Assess how hydrogen bonds between RNA or DNA and water molecules affects the behavior of RNA and DNA dinucleotides on
Ice
● Assess how internal hydrogen bonds on the RNA molecule affects the behavior of RNA dinucleotides on Ice
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Figure 1. Labeled MDanalysis model of a CG RNA dinucleotide on an ice slab at A) Time 0 ns B) Time 1 ns C) Time 10 ns D) Time 399 ns

Results
Conclusions
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● Bases seem to prefer the ice air interface while the
anionic phosphodiester group buries itself into the
ice
● Phosphodiester anionic oxygens in DNA connect to
the ice lattice better than those in RNA
● The difference between RNA and DNA is due to an
internal hydrogen bond between O1P and HO’2C.
Between O1P and HO’2 on the 5 prime end of the
RNA (in this case the C base) forms a 7 member ring
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Figure 2. NGLview model of the CG RNA
dinucleotide: Color coding is: P (orange), O
(red), H (white), N (blue) and C (gray).

Figure 3. Depths of selected atoms on the CG RNA
dinucleotide over a 500 ns trajectory

Figure 4. Hydrogen bond autocorrelation function
between select atoms on the CG RNA dinucleotide and
surrounding water molecules

Figure 5. An NGLview rendering of the CG RNA
dinucleotide at around 200 ns with O1P pointing down
into the ice lattice.
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Figure 6. NGLview model of the CG DNA
dinucleotide: Color coding is: P (orange), O
(red), H (white), N (blue) and C (gray).
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Figure 7. Depths of selected atoms on the CG DNA
dinucleotide over a 500 ns trajectory

Figure 8. Hydrogen bond autocorrelation
function between select atoms on the CG DNA
dinucleotide and surrounding water molecules

Figure 9. Internal Hydrogen bond autocorrelation
functions on the CG RNA Dinucleotide
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